Abstract. colorectal carcinoma (crc) is a common malignancy of the digestive tract. Microrna (mir)-214 is considered a key hub that controls tumor networks; therefore, the effects of mir-214 on crc were examined and its target gene was investigated in this study. The expression levels of transglutaminase 2 (TGM2) and mir-214 were detected in crc and adjacent normal tissues by reverse transcription-quantitative polymerase chain reaction (rT-qPcr) and western blotting, and luciferase activity was analyzed by dual luciferase reporter analysis. in addition, cell viability, invasion and migration were measured by cell counting kit-8 and Transwell assays, respectively. The expression levels of epithelial-mesenchymal transition-related proteins, and phosphoinositide-3 kinase (Pi3K)/protein kinase B (akt) signaling-associated factors were detected using rT-qPcr and western blotting. The results demonstrated that mir-214 expression was downregulated in crc tissue, whereas TGM2 expression was upregulated. according to TargetScan prediction, mir-214 possesses a binding site to TGM2. in addition, transfection with mir-214 mimics markedly suppressed the viability of loVo cells. mir-214 overexpression also inhibited cell invasion and migration by increasing e-cadherin and tissue inhibitor of metalloproteinases-2 expression, and decreasing matrix metalloproteinase (MMP)-2 and MMP-9 expression. Furthermore, mir-214 downregulated phosphorylation of Pi3K and akt; however, the expression levels of total Pi3K and akt were not affected by mir-214. in conclusion, this study indicated that TGM2 was a target gene of mir-214, and a negative correlation between mir-214 and TGM2 expression was determined in crc. notably, mir-214 markedly suppressed the viability, invasion and migration of crc cells, which may be associated with a downregulation in PI3K/Akt signaling. These findings suggested that mir-214 may be considered a novel target for the treatment of crc.
Introduction
colorectal carcinoma (crc) is a common malignancy of the digestive tract (1), the incidence of which is increasing annually in china (2) . if patients with crc metastasis in advanced stages are not promptly treated, their average survival is only 5-6 months (3, 4) , and the main causes of crc-associated mortality are invasion and metastasis (5, 6) . Therefore, it is particularly important to identify novel tumor markers to inhibit tumor metastasis.
in the occurrence and development of invasive carcinoma from atypical hyperplasia and carcinoma in situ, the destruction of epithelial integrity is an important event (7) . The first stage of tumor invasion and metastasis includes destruction of the intact epithelial structure and acquisition of stromal cell characteristics; this process is known as epithelial-mesenchymal transition (eMT). eMT is a phenomenon during which epithelial cells convert to interstitial cells under specific physiological and pathological conditions (8) . it has been reported that eMT is closely associated with tumor invasion and metastasis, and that it serves a key role in in situ infiltration and distant metastasis of various types of cancer (9, 10) . Various cancer cells can undergo partial or complete eMT (11) (12) (13) .
Micrornas (mirnas/mirs) are a series of endogenous non-coding small rna molecules, usually 18-25 nt in length (14) . mirnas suppress protein translation through binding to the 3'-untranslated region (3'uTr) of target gene mrna (15, 16) , mirnas serve a key role in translation inhibition following gene transcription. in recent years, increasing experimental evidence has demonstrated that abnormal mirna expression in tumor cells is closely associated with the occurrence of tumors. different degrees of abnormal mirna expression (17) (18) (19) (20) can be detected in all types of human cancer, including crc. in addition, mirnas have been reported to exert a strong regulatory effect on eMT (21) (22) (23) . notably, mir-214 is considered a key hub that controls tumor networks (24) ; however, the role and mechanism of mir-214 in the development of crc are currently unclear.
in the present study, the expression of mir-214 was detected in CRC tissues, and its target gene was identified. Furthermore, the effects of mir-214 on viability and motility
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Materials and methods
Tissue source. Between november 2016 and december 2017, 36 crc and adjacent normal tissues were collected from patients with CRC that were admitted to The Affiliated dongtai Hospital of nantong university (dongtai, china). Written informed consent was obtained from patients permitting their tissues to be used. The present study was approved by the Ethics Committee of The Affiliated Dongtai Hospital of nantong university (approval no. 201501218).
Cell line. The loVo human colon adenocarcinoma cell line (american Type culture collection, Manassas, Va, uSa) was maintained in rPMi-1640 medium (M&c Gene Technology co., ltd., Beijing, china) supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C in an incubator containing 5% CO 2 .
Cell transfection. mir-214 mimics and mirna mimics control were purchased from Genomeditech (Shanghai, china). mir-214 mimics sense, 5'-aca Gca GGc aca Gac aGG caG u-3', and antisense, 5'-uGc cuG ucu GuG ccu Gcu Guu u-3'; mimics control sense, 5'-uuc ucc Gaa cGu Guc acG uTT-3' , and antisense, 5'-acG uGa cac Guu cGG aGa aTT-3'. using lipofectamine ® 3000 reagent (invitrogen; Thermo Fisher Scientific, Inc.), miR-214 mimics (50 nM; mimic group) or mirna mimics control (50 nM; mock group) were transfected into LoVo cells (60-80% confluence) at 37˚C for 24 h, and the control group were treated with PBS. in addition, cells were treated with 50 ng/ml insulin-like growth factor-1 (IGF-1; AmyJet Scientific, Wuhan, China) for 24 h at 37˚C, in order to activate phosphoinositide 3-kinase (Pi3K) (25) .
Dual luciferase reporter assay. TargetScan version 7.2 (http://www.targetscan.org/vert_72/) was used to predict the binding site between the 3'-uTr of transglutaminase 2 (TGM2) and mir-214. For the dual luciferase reporter experiments, the 3'-uTr of TGM2 gene and a mutant (mut) 3'-uTr of TGM2, which was constructed using a Site-directed Mutagenesis kit (Stratagene; agilent Technologies, inc., Santa clara, ca, uSa) according to manufacturer's protocol, were amplified by PCR. The thermocycling conditions were as follows: initial denaturation at 95˚C for 30 sec, followed by 18 cycles of denaturation at 95˚C for 30 sec, 55˚C for 1 min and 68˚C for 2 min, with a final elongation step at 68˚C for 5 min. Both PCR products were cloned into the psicHecK-2 vector (Promega corporation, Madison, Wi, uSa) to generate TGM2-3'-uTr plasmids, and the TGM2-3'-uTr mut plamids, respectively. Then, 293 cells (american Type culture collection, Manassas, Va, uSa) cultured in dMeM (Hyclone; Ge Healthcare life Sciences; logan, uT, uSa) with 10% FBS, 100 u/ml penicillin and 100 µg/ml streptomycin at 37˚C in an incubator with 5% CO 2 , were co-transfected with mir-214 mimics/mirna mimics (50 nM) and TGM2-3'-uTr/TGM2-3'-uTr mut plasmids (50 ng/µl) using lipofectamine ® 3000 reagent at 37˚C for 24 h. after 24 h, the cells were lysed with 1X passive lysis buffer (50 µl) for 15 min at room temperature, and the suspension was then transferred into a black enzyme plate. Then, the luciferase assay reagent ii (100 µl) and 1X Stop&Glo ® reagent (100 µl) (Promega corporation) were added to the cells, and luciferase activity was detected using the GloMax ® discover Multimode Microplate reader (cat. no. GM3000; Promega corporation) according to the manufacturer's instructions. luciferase activity was normalized to Renilla luciferase.
Reverse transcription-quantitative PCR (RT-qPCR).
Total rna was extracted from cells and tissues using Trizol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). RT was conducted to synthesize cdna from 2 µg rna using H BeyorT ii First Strand cdna Synthesis kit (Beyotime institute of Biotechnology, Haimen, china), according to manufacturer's protocol. The primer sequences are listed in Table i . cDNA was amplified using SYBR Green qPCR Master Mix (Medchemexpress, Monmouth Junction, nJ, uSa). The conditions of amplification were as follows: Pre-denaturation at 95˚C for 10 sec, followed by 30 cycles of denaturation at 95˚C for 5 sec and 62˚C for 25 sec, and a final elongation step at 70˚C for 30 min. The internal controls were U6 and GAPDH. Gene expression was calculated and quantified using the 2 -ΔΔCq method (26) . The proteins were visualized using an enhanced chemiluminescence system (Ge Healthcare, chicago, il, uSa). The protein levels were quantified using Bio-Rad ChemiDoc system with Image Lab software (version 6.0 Bio-rad laboratories, inc., Hercules, ca, uSa).
Western blot analysis.

Cell Counting kit-8 (CCK-8) analysis
. loVo cells were inoculated in a 96-well plate (3x10 3 cell/well) in an incubator at 37˚c for 24 h. after culturing, cells were treated with PBS (control group), or were transfected with mirna mimics (mock group) or mir-214 mimics (mimics group) for 48 h. Subsequently, 10 µl ccK-8 reagent (Beyotime institute of Biotechnology) was added into each well, and cells were incubated with ccK-8 reagent for 4 h at 37˚c. cell viability was determined at 450 nm using a microplate absorbance spectrophotometer (Bio-rad laboratories, inc.).
Transwell analysis. Migration and invasion of cells were determined using Transwell analysis. cell invasion was measured using Matrigel-coated Transwell chambers (Bd Biosciences, Franklin lakes, nJ, uSa), and cell migration was measured using uncoated Transwell chambers (Bd Biosciences). invasion assay was performed using Transwell inserts pre-coated with Matrigel (Bd Biosciences). rPMi-1640 medium supplemented with 12% FBS was added to the lower chamber. The treated cells were digested with trypsin and a cell (2x10 5 cells/ml) suspension was incubated in the upper chamber at 37˚C for 24 h. Subsequently, the cells were fixed with 4% paraformaldehyde at room temperature for 15 min and stained with 0.1% crystal violet for 20 min at room temperature. The stained cells were observed under a light microscope (magnification, x200).
Statistical analysis. SPSS 20.0 software was used to conduct statistical analysis. data are presented as the means ± standard deviation. differences among the groups were analyzed by one-way analysis of variance followed by Tukey test. differences between two groups were analyzed by Student's t-test. The association between TGM2 expression and the clinicopathological features of patients with crc was investigated using χ
Results
TGM2 was the target gene for miR-214 in CRC.
The expression levels of mir-214 and TGM2 were detected in crc and adjacent normal tissues using rT-qPcr and western blotting. compared with in adjacent normal tissues, the expression levels of mir-214 were decreased in crc tissues; however, TGM2 expression was increased (Fig. 1a-c) . Two-tailed Spearman nonparametric correlation test identified a negative correlation between mir-214 and TGM2 expression in crc tissues (Fig. 1d) . When loVo cells were transfected with mir-214 mimics, mir-214 expression was enhanced, whereas the mrna and protein expression levels of TGM2 were suppressed (Fig. 1e-G) . according to TargetScan (http://www. targetscan.org/vert_72/), mir-214 possessed TGM2 binding sites (Fig. 1H) ; therefore, the binding abilities of mir-214 and TGM2 were tested using a dual luciferase reporter assay. although relative luciferase activity was reduced in cells exposed to mir-214 mimics and TGM2-3'uTr, it remained relatively stable in cells co-transfected with mir-214 + TGM2-3'uTr mut (Fig. 1i) . Furthermore, TGM2 expression was divided into a low expression group and a high expression group according to the median value of relative expression, and the results of a χ 2 test revealed that TGM2 expression was associated with lymph node metastasis; however, it was not associated with age, sex, tumor location or tumor type (Table ii) . mock group (Fig. 2a) . Transwell results demonstrated that when cells were exposed to mir-214 mimics, the relative rates of migration (Fig. 2B ) and invasion ( Fig. 2c) were markedly reduced compared with in the mock group.
miR-214 regulates EMT-associated factors in LoVo cells.
To examine the molecular mechanism underlying the effects of mir-214 on cell migration and invasion, the expression levels of eMT-associated factors (TiMP-2, MMP-2, MMP-9 and e-cadherin) were detected by rT-qPcr and western blotting. as determined by rT-qPcr, the expression levels of TiMP-2 and e-cadherin were enhanced in the mimics group; however, MMP-2 and MMP-9 expression was inhibited compared with in the mock group (Fig. 3a-d ). in addition, as determined by western blotting, mir-214 overexpression significantly suppressed the protein expression levels of MMP-2 and MMP-9, but promoted TiMP-2 and e-cadherin expression (Fig. 3e) .
miR-214 blocks the PI3K/Akt signaling pathway in LoVo cells
. in order to assess the effects of mir-214 on signaling in loVo cells, the Pi3K/akt signaling pathway was analyzed by western blotting. The results revealed that phosphorylation of PI3K and Akt were significantly reduced when cells were exposed to mir-214 mimics, compared with in the control and mock groups (P<0.01). nevertheless, the protein expression levels of total Pi3K and akt remained stable in all groups ( Fig. 4a and B) . in addition, the Pi3K activator iGF-1 was used to further detect the role of Pi3K/akt signaling; the results revealed that MMP-9 expression was upregulated, whereas TiMP-2 expression was decreased in the iGF-1 + mimic group compared with in the mimic group. These findings indicated that the effects of mir-214 on cell invasion and migration may be partly associated with inhibition of Pi3K/akt signaling (Fig. 5) .
Discussion
mir-214 has been reported to be particularly active in cancer, being abnormally expressed in several types of malignant tumors (27) (28) (29) . However, the expression of mir-214 varies in different tumors, and has certain tumor specificity. Specifically, mir-214 has been demonstrated to have a high expression in pancreatic cancer, oophoroma and melanoma (30) (31) (32) , and a low expression in esophageal squamous cell carcinoma, liver cancer, breast cancer, cervical carcinoma and crc (33) (34) (35) (36) (37) . in the present study, low mir-214 expression was detected in crc tissues, which was in accordance with the results of previous studies (33, 38) . as a member of the transglutaminase family, TGM2 is composed of 687 amino acid residues, and is a calcium-dependent multifunctional protein with a molecular weight of 78 kd (39) . numerous studies have demonstrated that TGM2 expression is closely associated with the proliferation and metastasis of various malignant tumor cells (40) (41) (42) (43) . TGM2 expression is increased in breast cancer, ovarian cancer, lung cancer and CRC (44) (45) (46) (47) . Similar to previous findings (45), the present data also demonstrated that TGM2 expression was increased in crc tissues. it is well known that different mirnas can regulate the same mrna molecule, and that the same mirna can regulate numerous mrna molecules. in this study, the results of a two-tailed Spearman nonparametric correlation test identified a negative correlation between mir-214 and TGM2 expression in crc. Furthermore, overexpression of miR-214 significantly inhibited the expression levels of TGM2. Therefore, it may be speculated that TGM2 acts as a target gene for mir-214 in crc. according to TargetScan, mir-214 possesses a binding site to TGM2. additionally, luciferase activity was reduced in cells co-transfected with mir-214 + TGM2-3'uTr; however, it remained stable in cells co-transfected with mir-214 + TGM2-3'uTr mut compared with in the control + TGM2-3'uTr group. These results confirmed that TGM2 was a target of miR-214. Previous studies have reported that abnormal mirna expression exists in several human diseases, and that it serves a pivotal role in the occurrence, development, invasion, metastasis and angiogenesis of cancer (15, (18) (19) (20) . Furthermore, mir-214 participates in the growth, invasion and metastasis of cancer. lu et al (48) demonstrated that mir-214 suppresses cell invasion and migration in esophageal squamous cell cancer. Zhao et al (49) also revealed that mir-214 inhibits the growth and metastasis of lung cancer cells, and Schwarzenbach et al (35) demonstrated that mir-214 inhibits the proliferation and metastasis of cervical cancer and crc cells. Similarly, the present data demonstrated that mir-214 markedly suppressed the viability, invasiveness and migration of loVo cells. notably, decreased cell invasion and migration may be partially caused by inhibited cell viability.
li et al (50) reported that decreased expression of mir-214 promotes intrahepatic cholangiocarcinoma metastasis via regulating eMT-related factors (Twist and e-cadherin). cai et al (51) also demonstrated that mir-194 increases cell metastasis and modulates the eMT process by reducing e-cadherin levels and increasing MMP-2 levels in crc. another study observed that mir-29b inhibits eMT via affecting the expression of e-cadherin, MMPs and TiMPs (52) . Therefore, it was hypothesized that mir-214 may suppress the invasion and migration of loVo cells via regulating eMT-associated factors (e-cadherin, MMPs and TiMPs). as expected, this study revealed that elevated expression of mir-214 markedly increased the expression levels of TiMP-2 and e-cadherin, and reduced MMP-2 and MMP-9 expression. The results suggested that mir-214 inhibited cell invasion and migration through downregulating MMP-2 and MMP-9 expression and by upregulating TiMP-2 and e-cadherin expression.
The Pi3K/akt signaling pathway has been increasingly studied in crc. The pathway serves a critical role in the development of crc and may be used for the development of novel drugs: Pi3K/akt pathway may potentially be used as a drug target for crc, as pathway inhibitors may promote apoptosis and inhibit proliferation of crc cells. activation of this pathway can inhibit the apoptosis of crc cells, and promote cell proliferation, invasion and metastasis (53) (54) (55) . a previous have reported that Gdc-0941, a novel class i Pi3K inhibitor, can enhance the efficacy of docetaxel by increasing drug-induced apoptosis in breast cancer models (56) . abubaker et al (53) reported that activation of the Pi3K/akt pathway stimulates cell growth in crc. Song et al (55) demonstrated that mir-532 attenuates Pi3K/akt signaling to suppress the progression of crc (55). Jia et al (57) confirmed that miR-182 and miR-135b suppress cell proliferation and motility through inhibiting the Pi3K/akt pathway in crc. Therefore, in this study, the effects of mir-214 on the Pi3K/akt pathway were examined in loVo cells via western blotting. The results confirmed that miR-214 suppressed activation of Pi3K/akt signaling. Furthermore, activation of Pi3K/akt reversed the effects of mir-214 on the expression levels of MMP-9 and TiMP-2. Therefore, these findings suggested that inhibition of the PI3K/Akt pathway may be associated with the antitumor effect of mir-214.
in conclusion, the present results demonstrated that TGM2 was a target gene for mi-214, and that a negative correlation existed between mir-214 and TGM2 expression in crc. mir-214 markedly suppressed the viability, migration and invasion of crc cells, which was associated with downregulation of the PI3K/Akt signaling pathway. These findings indicated that mir-214 may be considered a novel target for crc therapy. Acknowledgements not applicable.
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